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INTRODUCTION 

Current sensing power MOSFETs provide a highly 
effective way of measuring load current in power con¬ 
ditioning circuits. Conceptually simple in nature, these 
devices split load current into power and sense compo¬ 
nents, and thereby allow signal level resistors to be used 
for sampling. Since this technique results in higher effi¬ 
ciency and lower costs than competing alternatives, 
understanding how to use SENSEFETs is an important 
design issue. 

Getting accustomed to these devices is relatively, but 
not completely straightforward. SENSEFETs are con¬ 
ceptually simple, but have their own unique set of char¬ 
acteristics and subtle properties. The following discus¬ 
sion examines both, and starts with a description of 
how SENSEFETs work. 

PRINCIPLE OF OPERATION 

SENSEFET operation is based on the matched 
devices principle that is so commonly used in inte¬ 
grated circuits. Like integrated circuit transistors, the 
on-resistance of individual source cells in a power 
MOSFET tends to be well matched. Therefore, if several 
out of several thousand cells are connected to a sep¬ 
arate sense pin, a ratio between sense section on-resis¬ 
tance and power section on-resistance is developed. 
Then, when the SENSEFET is turned on, current flow 
splits inversely with respect to the two resistances, and 
a ratio between sense current and source current is 
established. 

The separate source connection is called a mirror. Typ¬ 
ically SENSEFETs are designed such that the ratio 
between mirror cells and source cells is on the order of 
1:1000. Schematically, this looks like two parallel FETs 
with common gate and drain connections, but separate 
source leads. An illustration of this configuration appears 
in Figure 1. The relative size of the two devices deter¬ 
mines how current is split between source and mirror 
terminals. The ratio of source current to mirror current 
is specified by, n, the "Current Mirror Ratio." This ratio 


is defined for conditions where both source and mirror 
terminals are held at the same potential. Since n is on 
the order of 1000:1, load current is approximately equal 
to source current, and the current mirror ratio also 
describes the ratio of load current to sense current. 

When a signal level resistor is connected between mir¬ 
ror and source terminals, a known fraction of load current 
is sampled without the insertion loss that is associated 
with power sense resistors. For this reason, the technique 
of measuring load current with SENSEFETs is called 
"lossless current sensing." As long as the sense resistor 
is less than 10% of the mirror section's on-resistance 
rDM(on)' current that is sampled is approximately 
load current divided by the current mirror ratio or, IloAD^ 
n. In practice, the amount of sense voltage that is devel¬ 
oped with such low values of sense resistance is usually 
not sufficient to drive current limiting circuits. Therefore, 
larger values of RSENSE normally used. These larger 
values appreciably affect the total resistance in the mirror 
leg, and, therefore, alter the current mirror ratio. How to 
model this behavior and calculate sensing parameters is 
discussed as follows. 
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CALCULATING SENSE RESISTANCE 

With the aid of the model that is shown in Figure 2a, 
calculating sense voltage and sense resistance is very 
straightforward. In this model, rQsfon) separated into 
bulk and active components. Bulk drain resistance is com¬ 
mon to the entire device, and is represented by rb. Active 
components of rpsion) 3''® rnodeled by ra(on) 
power section, and rD(yi(on) for the mirror. RsENSE 's 
the external sense resistor. 

If RseNSE is open circuit, the maximum voltage 
that can appear at the mirror terminal is VQsion) ^ ra(on)'' 
(ra(on) + '"b)- lo other words, the mirror terminal does 
not sample the full drain-source on voltage, but sees only 
the fraction of drain-source voltage that is represented 
f’V '■a(on)^(''a(on) + rb)- This ratio is called the mirror 
compliance ratio, K|\/ic. Values for ra(on) ®od rb are deter¬ 
mined by measuring the mirror compliance ratio, and 
multiplying rpsion) fhi® f® 9®f ’’alon)- resis¬ 
tance, rb, is then determined by subtracting ra(on) from 
rDS(on)- Given these values, roMlon) 's determined by 
multiplying ra(on) tioies the current mirror ratio, n. 

Given values for the model's internal resistors, sense 
voltage, sense resistance, and drain current can be cal¬ 
culated from simple resistive divider equations. These 
equations are summarized as follows: 

Sensing Equations 

IVsenSE = iDTafonl'RSENSE/iRSENSE + rDMIon)) 

2- RSENSE = VSENSE’rDM(on)/[(lDTa(on))-VSENSE] 

3- Id = VsENSE (RSENSE + rDMfonlVIralonl’RSENSE) 

The results obtained from using these equations agree 
very well with measured values. Using the MTP10N10M 
as an example, calculated and measured values are com¬ 
pared in Table 1. They are based upon 5 amps of drain 
current, r 3 (on) = 116 milliohms, rb = 44 milliohms, and 
•■DIVKon) = 209 ohms. 


Table 1. Calculated versus Measured Sense Voltage 


Rsense 

n 

Calculated 

VsENSE 

mV 

Measured 

VsENSE 

mV 

A 

% 

20 

51 

50 

2 

47 

106 

105 

1 

100 

179 

185 

-3 

200 

284 

290 

-2 

1 k 

480 

480 

0 


Since all of the actual values were measured on an 
oscilloscope, the discrepancies which are shown here are 
all within measurement accuracy. Given static conditions, 
the model in Figure 2 does a good job. 

In a typical application such as the one shown in Figure 
2b, a current trip is produced when VsENSE I® equal to 
the comparator's reference voltage, V^gf- Therefore, sub¬ 
stituting Vref for VsenSE *0 these equations yields com¬ 
binations of Iq and RsENSE for which a current limit 
signal is produced. 

For reasons which will soon be discussed, it is gen¬ 
erally advisable to choose a value of RsENSE fhat does 





not exceed rDiy|(on)- As the values in Table 1 indicate, 
this constraint produces sense voltages on the order of 
250 mV at the MTPIONIOM's normal operating current. 
Although this is sufficient for most applications, lower 
operating currents and device types with lower mirror 
compliance ratios can lead to problems with generating 
usable values of sense voltage. Where higher values of 
sense voltage are required, the technique shown in 
Figure 3 can be used. In this circuit, the SENSEFET's 
mirror is held at the same potential as its source, and 
op amp OA1 generates a negative output voltage that 
equals sense current times the feedback resistor Rf. 
Sensing equations for this type of virtual ground circuit 
are listed as follows; 

Virtual Ground Sensing Equations 

4-VseNSE = -lD*n*Rf 

5. Rf = VsENSE/'D'n 

6. Id = -(VSENSE/Rf)n 

These equations assume that the op amp's input bias 
current and input offset voltage are both zero. Using 
some of today's newer op amps, this assumption is a 
good one. With an MC34081 for example, room temper- 
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ature values for input bias current and input offset voltage 
are less than one nanoamp and less than one millivolt, 
respectively. 

Although virtual ground sensing does a nice job of 
boosting signal level, it requires a negative power supply 
and produces a negative output signal, both of which can 
be undesirable. One method of overcoming these diffi¬ 
culties is shown in Figure 4. A dual op amp is used to 
convert sense current to a negative output voltage, and 
then invert the negative voltage to produce a positive 


output. The negative power supply voltage is supplied 
by a simple and inexpensive 555 charge pump. Running 
at 60 kHz, this circuit converts the gate drive supply to a 
local negative rail that is capable of sinking roughly 50 
milliamps. For this circuit, sensing equations 4, 5 and 6 
apply with the negative signs removed from equations 4 
and 5. 

ACCURACY 

The inherent accuracy that is associated with splitting 
current between matched cells in a power MOSFET is 
relatively good. Assuming that both source and mirror 
terminals are held at the same potential, accuracy is 
solely dependent upon the current mirror ratio, n. This 
parameter typically runs within ± 1% of nominal at 25°C, 
is spec'd at ±3%, and remains within a ±3% window 
over temperature. 

When SENSEFETs are used in virtual ground sensing 
circuits, accuracy is a relatively straightforward issue. 
Current mirror tolerance adds with sense resistor toler¬ 
ance and op amp offsets to produce a sense voltage that 
is easily maintained within ±5% over temperature. 

Life gets much more interesting when a conventional 
mirror to ground sense resistor is used. Instead of deriv¬ 
ing measurement accuracy from matched on-resistances 
within a monolithic device, tolerance depends both on 
internal ratios and the ratio of internal on-resistance to 
an external RsENSE- Therefore, in this configuration, 
unit-to-unit variations and temperature stability are first 
order design considerations. 
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Referring again to Figure 2, the sensing model provides 
a schematic illustration of the issues involved. To start, 
let's assume that RsENSE is equal to zero. In this con¬ 
dition, whatever variations occur in ra(on) very nearly 
matched on a percentage basis by variations in rD|\/|(on)- 
Therefore, even for very large changes in ra(on) th® •'sti® 
between ra(on) rDM(on) remains nearly constant. 
Since this ratio is undisturbed, the ratio of sense current 
to drain current is also undisturbed, and measurement 
accuracy is relatively good. At the other end of the spec¬ 
trum, let's assume that RsENSE's ®ri open circuit. In this 
case mirror voltage is not dependent upon ratios. The 
mirror terminal samples the voltage drop across ra(on)' 
with VsenSE = Id '■a(on)' Measurement accuracy is, 
therefore, directly dependent upon the value of ra(on)- 
Since ra(on) vary 30% from unit to unit and 100% 
over temperature, an accurate measurement is not 
obtained in this configuration. In between these two 
extremes, choosing RsENSE boils down to a tradeoff 
between signal level and accuracy. As a rule of thumb, 
useful performance is obtained with values of RsENSE 
up to rD|\/|(on)- Above rD|\/i(on). however, measurement 
accuracy is more dependent upon the absolute value of 
ra(on) ^ban it is on the ratio, and performance degrades 
rapidly as RsENSE I® increased further. An illustration is 
provided in Figure 5 where temperature stability is plot¬ 
ted versus normalized RsENSE- lo this figure, RsENSE 
is normalized with respect to rD|\/|(Qn) such that a value 
of 1 corresponds to RsENSE = rDiviion)- Note that tem¬ 
perature stability is relatively well behaved at values of 
RseNSE that are below rQ|\/i(on) and rapidly degrades at 
higher values. 



A similar curve that shows unit-to-unit variations ver¬ 
sus RseNSE is plotted in Figure 6. Again, the story is 
very much the same. At values of RsENSE below 
rDM(on)' performance is well within the kind of toler¬ 
ances that are usually needed for current limiting cir¬ 
cuits. Above rDM(on)' however, unit-to-unit stability 
also rapidly degrades. 



KELVIN SOURCE CONNECTION 

In order to get the full accuracy that SENSEFETs are 
capable of, a Kelvin connection to the source is required. 
Otherwise voltage drops that are caused by load current 
flowing in the ground connection will add to sense volt¬ 
age and introduce a source of error. The effect of ground 
impedance is illustrated in Figure 7 where RgrOUND bas 
been added to the model in Figure 2. Load current flowing 
through RqrOUND produces a voltage drop that appears 
in series with ra(on)- In Figure 7a, this voltage adds 
directly to the open circuit mirror voltage, and affects the 
measurement proportionately. In Figure 7b, the Kelvin 
connection removes parasitic ground voltage from the 
measurement by referencing RsENSE directly to the 
SENSEFETs source metallization. 

The impact upon measurement accuracy is largely a 
function of SENSEFET ratings and circuit layout. Devices 
such as the MTP10N10M and MTP10N25M that have 
ra(on)’s in excess of 100 milliohms are affected less than 
10% by the roughly 10 milliohms of parasitic resistance 
that occurs from the source metallization of a TO-220 
SENSEFET to a soldered PC board connection. Therefore, 
with these devices a Kelvin return makes only a minor 
difference. The same 10 milliohms of parasitic resistance, 
however, introduces quite a substantial error for higher 
current devices such as the MTP40N06M. For this device, 
10 milliohms of parasitic resistance isan appreciable frac¬ 
tion of its 17 milliohm ra(on)' ®nd use of a Kelvin return 
eliminates what would otherwise be a large error. 

Although SENSEFET Kelvin returns are intended pri¬ 
marily to improve measurement accuracy, they also have 
an important application at higher frequencies. As illus¬ 
trated in Figure 8, gate drive ground can be referenced 
to the Kelvin pin instead of a PC board ground plane. 
This connection bypasses parasitic source inductance, 
Ls, that is associated with the source wire bond and the 
source pin. Therefore, the Kelvin connection allows faster 
switching speeds at higher currents where source induct¬ 
ance becomes a significant limitation. 


MOTOROLA 


4 


AN1001 




MIRROR 




Figure 7. Ground Impedance 

To illustrate, let's assume that a conventional TO-220 
MOSFET is connected such that the only source induct¬ 
ance in it's gate drive loop is 8 nanohenries of wire bond 
and lead inductance. During switching transitions, the 
voltage drop across this inductance (V = Ls dis/dt) 
opposes gate drive voltage. As long as the magnitude of 
this voltage is less than the amount by which the gate is 
overdriven, no first order affect upon switching times is 
seen. However, when this voltage becomes high enough 
to significantly oppose the gate drive, there is a limiting 
affect upon switching speed. 

Since the speed at which a MOSFET's gate can be dri¬ 
ven is essentially independent of drain current, switching 
speed tends to be relatively independent of drain current, 
and dIs/dt increases with increasing drain current. How¬ 



ever, at a critical value of drain current, Ls(dls/dt) 
becomes large enough to appreciably interfere with gate 
bias. At this point, a significant slowing of switching 
occurs as the parasitic opposing voltage debiases the 
gate by the amount of gate overdrive voltage. For TO-220 
MOSFETs, this limitation becomes significant between 
10 and 20 amps, where transition times that can easily 
be held below 10 ns at 10 amps climb to several tens of 
ns at 20 amps and above. 

If a SENSEFET is substituted for a conventional 
MOSFET and the Kelvin gate drive return of Figure 8 is 
used, then the parasitic voltage occurs outside the gate 
drive loop and has substantially less affect. The differ¬ 
ence is illustrated in Table 1 where switching times for 
an MTP10N25M with Kelvin gate drive return and 
Source gate drive return are compared. In both cases, 
the test device is switching an inductive load, is driven 
by a high speed MC33152 driver and is measured with 
a Pearson model 4028 high speed current transformer. 


Table 2. High Speed Performance (Fall Time) 


High Speed Performance 

Drain Current 
Amps 

Kelvin Return 

Fall Time (ns) 

Source Return 

Fall Time (ns) 

5 

6 

6 

10 

6 

7 

15 

6 

9 

20 

7 

27 

25 

9 

28 

30 

10 

44 


It is readily observed from this data that SENSEFET 
packaging contributes a significant performance advan¬ 
tage at higher currents, but has no appreciable affect at 
currents below 10 amps. 


AN1001 


MOTOROLA 








NOISE SUPPRESSION 

Particularly at high speeds, noise spikes at both turn¬ 
on and turn-off are a first order design consideration in 
SENSEFET circuits. These spikes are short, roughly the 
same duration as the switching transitions that produce 
them, and can be several times the value of the sense 
voltage that is being measured. They arise from current 
flow in parasitic capacitances and also from higher sen¬ 
sing gain as the SENSEFET switches through its active 
region. 

Generally speaking, noise at turn-off is not usually 
much of a problem, since a spike that is large enough to 
cause current limiting has no affect during turn-off. Turn¬ 
on, however, is another matter. Spikes that are routinely 
seen at turn-on can easily produce false trips that inter¬ 
fere with proper circuit operation. Fortunately, filtering is 
relatively easy. Due to the limited duration of the noise, 
a simple single pole RC filter is quite effective. Using an 
op amp instead of a comparator to monitor sense voltage 
also works well. The op amp's roll off characteristic pro¬ 
vides a single pole filter that causes short spikes to be 
ignored. Both of these techniques, of course, slow the 
speed of the current limit loop and may be undesirable 
in some applications. In these instances digital blanking 
can be used to disable the current limit comparator for 
a fixed amount of time during the turn-on switching 
interval. 

Whatever circuit technique is used to limit noise, layout 
is critical when SENSEFETs are used at or near their fast¬ 
est switching speeds. Printed circuit board construction 
is a must, and careful attention is required to keep ground 
currents away from the current sensing loop. Small 
ground planes, separate grounds for power and sense 
loops, and single point grounding for power components 
all tend to make life easier. It is also important to remem¬ 
ber that radiated noise can be as big a problem as con¬ 
ducted noise. For this reason it is important to minimize 
the size of the power ground, which is a radiating surface, 
and to place sense voltage filters as close as possible to 
the current limit circuits that they feed. 


SENSE VOLTAGE UNDER 
ABNORMAL CONDITIONS 

For normal steady state operation, sense voltage is 
determined by resistor ratios which are easily calculated. 
However, questions often arise concerning sense voltage 
under abnormal conditions. Operation in avalanche, 
operation at very low currents, reverse current flow, and 
reverse recovery of the drain-source diode are consid¬ 
ered here. 

Avalanche 

The latest generation of power MOSFETs is capable 
of withstanding considerable stress in avalanche. 
Drain-source diodes have been replaced with drain- 
source zener transient suppressors. Therefore, induc¬ 
tive flyback voltages can be clamped directly by the 
MOSFET. SENSEFETs can also be used in this way, 
which leads to questions regarding sense voltage dur¬ 
ing avalanche. 


The simplified model in Figure 9 provides a basis for 
analysis. It assumes one sense cell, n power cells, and a 
bulk drain resistance which is negligible. In avalanche 
individual cells look like paralleled zeners, each of which 
has a small series impedance rz- Although rz is probably 
well matched from cell to cell, it is well known that epi 
thickness, and therefore breakdown voltage, vary across 
the surface of a semiconductor wafer. From point-to- 
point on a power transistor chip, the variation can exceed 
a full percent. Therefore, the zener voltages in Figure 9 
can be mismatched by a volt or more in situations where 
the average voltage across rz is measured in tens or 
hundreds of millivolts. Under these conditions, sense 
voltage is essentially indeterminate since IsENSE will 
depend more upon the sense cell's relative breakdown 
voltage than on the current that is being measured. The 
net result is that energy rated SENSEFETs will survive 
avalanche as well as energy rated MOSFETs, but lose 
their ability to provide a meaningful current sensing mea¬ 
surement in this condition. 



Very Low Drain Current 

At normal operating currents, offset voltage in mea¬ 
suring circuitry is usually negligible. However, at drain 
currents below 1% of rated output current, offset volt¬ 
ages have a first order affect on the current sensing 
measurement. A brief look at the simplified model in 
Figure 10 explains why. Suppose, for example, that the 
SENSEFET is an MTP10N25M with an ra(on) 1^0 mil- 
liohms and an rQ(\/|(on) of 145 ohms. With one amp 
flowing through ra(on) sod zero offset in the measure¬ 
ment amp, 170 millivolts is impressed across rQ|\/|(on) 
to develop ISENSE- If offset voltage of the mea¬ 
surement amp is 1 millivolt, the voltage across rQ|y|(on) 
is changed by 1 millivolt. Sense current is changed by 
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Figure 10. Low Drain Current 


1 part in 170, which is less than 1%. Now assume that 
Id is 10 milliamps. In this case, only 1.7 millivolts is 
developed across ra(on)' Therefore, a 1 millivolt offset 
changes the measurement by 1 part in 1.7, and seri¬ 
ously affects the results. In general, at very low currents 
measurement amplifier input offset characteristics sig¬ 
nificantly influence measured current mirror ratios, and 
can cause relatively large deviations from values 
observed at practical operating currents. 

Reverse Recovery 

When SENSEFETs are used in bridges, current flow in 
the drain-source diode can be an important part of circuit 
operation. If this diode is commutated, in other words 
switched off rapidly by an opposite half bridge, a signif¬ 
icant amount of sense voltage is produced. For example, 
suppose that inductive load current is freewheeling 
through a SENSEFETs drain-source diode as shown in 
Figure 11 and, then SI closes rapidly. As the accompa¬ 
nying waveforms suggest, a very substantial VsenSE 
spike is produced as the drain-source diode is cleared. 
Its magnitude is dependent upon the speed at which SI 
closes, the amount of current that is commutated, and 
the value of RSENSE- duration is a function of the 
drain-source diode's reverse recovery time. 

This spike is a significant design issue because it is 
both large and occurs as a positive signal with respect 
to ground. To illustrate the magnitude of the problem, 
consider an MTP10N25M in which 2 amps is commutated 
in 100 ns. With RsENSE = ^00 ohms, the reverse recov¬ 
ery spike has a magnitude of 400 millivolts. Since the 
forward sense voltage at 2 amps is only 140 millivolts, 
the possibility of falsely tripping a current limit circuit at 
very modest currents exists. 

Fortunately the duration of the spike is very short. It is 
limited to the time during which current is being com¬ 
mutated in the drain-source diode. Therefore, a single 
pole RC filter will easily reduce peak voltage to acceptable 


I 



Figure 11. Reverse Recovery 


levels. Alternately, current limit circuitry can be digitally 
blanked during the time that reverse recovery transitions 
take place. 

Reverse Current 

When current flows through a SENSEFETs drain- 
source diode, anode current is split between source and 
mirror terminals in a fashion similar to forward mode 
operation. However, the equivalent circuit for reverse 
operation is significantly different, as are operating 
results. As shown in Figure 12, current sensing is depen¬ 
dent upon mirror-to-bulk and source-to-bulk diodes as 
well as the ratio of cell resistances. As long as RsENSE 
is equal to zero or effectively held to zero with an op amp, 
the sense ratio is based upon the ratio of r^b to rsb and 
matched diode drops. Since the ratio of r^b to rsb's the 
same as the ratio of rDM(on) to ra(on)' forward and 
reverse sense ratios match and are equal to n, the current 
mirror ratio. 



Figure 12. Reverse Current Flow 
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When a non-zero RsENSE is added, a significant depar¬ 
ture from forward mode operation is observed. Addi¬ 
tional resistance in the sense leg does not give the same 
linear predictable results, because cell resistances in the 
reverse mode are modulated by minority carrier current 
flow. These resistances have a first order dependence 
upon current density and decrease in value at higher 
currents. Therefore, while matching from cell-to-cell with 
RSENSE = 0 is quite good, any attempt to establish a 
ratio between the internal resistances and a fixed external 
RseNSE is met with first order non-linearities. The net 
result is a measurement that is accurate within a few 
percent if a virtual ground op amp is used, and is a poor 
representation of reverse current flow when practical val¬ 
ues of sense resistance are connected from mirror to 
Kelvin. 

SENSEFET COMPATIBLE 
INTEGRATED CIRCUITS 

Since power MOSFETs are driven by integrated circuits 
in many applications, compatibility with integrated cir¬ 
cuits is an important issue. As a general rule, current limit 
comparators with 100 to 125 millivolt sensitivity are 
required for PWM integrated circuits to be compatible 
with SENSEFETs. A number of recently developed inter- 
grated circuits either meet this requirement or were 
developed specifically to work with SENSEFETs. They are 
listed as follows: 

Device Description Application 

MC33152 SENSEFET Driver Microprocessor Interface 

MC33034 Motor Controller Brushless DC Motors 

MC34129 Current Mode Controller Single Transistor SMPS 
SG3526 Power Supply Controller Push-Pull SMPS 


All of these devices function quite comfortably with 
output voltages that SENSEFETs provide. They are also 
all capable of driving SENSEFETs at very high switching 
speeds. Therefore, good PC board layout techniques are 
very important when using these circuits. In addition, the 
use of series gate resistors to slow switching speed can 
be very helpful for breadboarding and debugging. 

Two examples which illustrate how SENSEFETs are 
used appear in Figures 13 and 14. Figure 13 describes an 
isolated 12 volt to 5 volt current-mode supply, and is a 
convenient vehicle for showing how the MC34129 and 
MTP10N10M work together. 

Starting with the oscillator, Rj and Cj are selected for 
operating frequency and dead time. Acombination of 13K 
for Rj and 1500 pC for Cj produces 28 kHz operation 
with slightly less than 50% maximum duty cycle. Ramp 
voltage is generated by Rs and fed into the PWM com¬ 
parator's non-inverting input at Pin 3. The ramp's mag¬ 
nitude is determined by using equation 1 and adding 
-120 /liA of nominal input bias current that flows out 
from Pin 3. The ramp voltage is, therefore: 

VramP = 57 mV/Amp • Iq -I- 24 mV 

Knowing the relationship between Vsense P'"'' 
mary current, maximum short circuit current is set with 
voltage divider R1/R2. The output voltage from this 
divider is coupled through a unity gain Error Amp to set 
the PWM comparator's upper trip point. To calculate the 
trip point, 275 mV of offset is added to the SENSEFETs 
output voltage. With the values shown, R1 and R2 set the 
upper trip point at 470 mV, and peak current is limited to 
approximately 2.8 amps. 



Figure 13. MC34129 Application Example 
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Turning to the brushless motor drive in Figure 14, an 
illustration of how the MC33034 brushless motor con¬ 
troller and MTP40N06M SENSEFETs interface with each 
other is provided. In this figure, six power MOSFETs are 
connected in a 3-phase bridge configuration to drive a 
brushless motor. The upper devices are 28 milliohm 
N-Channel FETs that are driven by a bootstrap technique 
that is described in detail in API94. To form the lower 
half bridge, three MTP40N06M SENSEFETs are directly 
driven by the MC33034. Since only one of these devices 
is on at a given time, all three mirror terminals are con¬ 
nected to one sense resistor, RsENSE- this arran- 
agement, a current-trip threshold is reached when excess 
current appears in any of the three phases. A single pole 
PC filter is inserted between PsENSE the MC33034's 
current limit comparator to eliminate the noise spikes that 
inevitably occur at RsENSE- 
The MC33034's current limit threshold is 100 mV. 
Therefore, from equation 2, the value of PsENSE that is 
required for a desired current limit can be calculated as 
follows: 

RseNSE = O-t V'i'DM(onK[('limif''a(on) - 0.1 V] 
Plugging in r 3 (on) and rDM(on) for the MTP40N06M: 

PSENSE = 0.1 V • 16 ohms/[(l|jmjt • 0.017 ohms) — 0.1 V] 


To obtain a current limit value of 40 amps, for example, 
these values lead to choosing a value of 2.7 ohms for 
PSENSE- Since this resistor can be a standard 1/4 watt 
resistor, it is by far preferable to the alternative of using 
a 2.5 milliohm 4 watt resistor in series with the ground 
return. 


CONCLUSION 

SENSEFETs are conceptually simple devices that pro¬ 
vide an alternative to power sense resistors and mag¬ 
netics for sensing load current. When using these 
devices, calculating sense resistance and sense voltage 
for steady state conditions is relatively straightforward. 
Other aspects of designing with SENSEFETs require 
greater familiarity with both characteristics and tech¬ 
niques for dealing with relatively low sense voltages. 
One subtle characteristic provides an unintended ben¬ 
efit. The Kelvin source connection can be used to attain 
faster switching speeds than similar devices in con¬ 
ventional 3 leaded packages. Whether they are used for 
speed or for lossless current sensing, SENSEFETs are 
well worth becoming familiar with; since circuits based 
upon SENSEFET designs tend to operate more effi¬ 
ciently with fewer and smaller components. 
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